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Introduction
Hydrocarbons which are among the major components 
of  petroleum products that tanker drivers are contin-
uously exposed to, play a major role in life globally 1. 
Even though hydrocarbon products are useful, a some 
hydrocarbons are toxic and have beenimplicated in a 
number of  diseases 2. In Nigeria, more than 10% of  
the population has continuous exposure to hydrocar-
bon products: notably petroleum and this has been im-
plicated in a number of  diseases, Health problems and 
environmental degradations 3. Indiscriminate usage of  
these petroleum products domestically and industrially 
and their associated health problems is a source of  con-
cern that should be investigated.
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Polycyclic aromatic hydrocarbons (PAHs) are form of  
hydrocarbons that consist of  fused aromatic rings4.
They are present in petroleum oil, coal and tar deposits, 
and are produced as by-products of  fuel burning. PAHs 
are of  concern because some components have been 
identified as carcinogenic, mutagenic and teratogenic. 
Exposure to PAHs is associated with a high risk of  
renal dysfunction and cancer. Many researchers have 
confirmed nephrotoxicity with chronic exposure of  
PAHs 5. Experimental data have demonstrated both 
glomerular and tubular toxicity 6-7. Systemic exposure 
by inhalation has been demonstrated by detection 
of  the pyrene metabolite, 1-hydroxylpyrene in urine 
of  exposed subjects 8. In a cross sectional study by 
Taberghar occupational medicine associates 9, wood 
fetching workers exposed to creosote had an increased 
incidence of  haemeturia, although renal function of  this 
cohort was not documented. Interestingly, eosinophia 
in 8% of  the workers was also observed 10. However, 
the volatile component in creosote is naphthalene and 
addiction to naphthalene exposure has been associated 
with chronic renal failure. Ravnskov et al, 2005 has 
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Background: Hydrocarbons which are  among  the major components of  petroleum products are considered toxic and 
have been implicated in a number of  human diseases. Tanker drivers are continuously exposed to hydrocarbons by inhala-
tion and most of  these drivers do not use  protective devices to prevent inhalation of  petroleum products; nor do they visit 
hospital regularly for routine check-up. 
Objective: In view of  this occupational hazard, we investigated the haematological, renal and hepatic functions of  workers 
of  petroleum tankers drivers in Lagos, Nigeria.
Method: Twenty-five tanker drivers’ and fifteen control subjects were randomly selected based on the selection criteria of  
not smoking and working for minimum of  5 years as petroleum tanker driver. The liver, renal and haematological parameters 
were analyzed using automated clinical and haematological analyzers while the lipid peroxidation and antioxidant level tests 
were assayed using standard methods. 
Results: There were significant (p ≤ 0.05) increases in the levels of  serum alanine amino transferase (31.14±13.72; 
22.38±9.89), albumin (42.50±4.69; 45.36±1.74) and alkaline phosphatase (84.04±21.89; 62.04±23.33) of  petroleum tanker 
drivers compared with the controls. A significant (p≤0.05) increase in the levels of  creatinine, urea and white blood cells of  
the tanker drivers, compared with the controls, were also obtained. 
Conclusion: The results have enormous health implications of  continuous exposure to petroleum products reflected  he-
patic and renal damage of  petroleum tanker drivers. Therefore, there is need for this group of  workers to be sensitized on 
the importance of   protective devises, regular medical checkup and management. 
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shown that hydrocarbons may induce renal injury by 
combining with renal proteins and artery as heptanes 
to induce auto-immunity against renal cells5. It may 
also modify T-cell function leading to an unfavorable 
cytokine profile and predisposing to T-cell mediated 
renal injury.  
Hydrocarbons are also known to be hepatotoxic 11. The 
hepatotoxicity results after hydrocarbon undergoes 
phase 1 metabolism, thereby inducing free radicals 
formation. These free radicals subsequently bond with 
hepatic macromolecules and ultimately cause lipid 
peroxidation. This metabolite creates a covalent bond 
with the hepatic macromolecules, thereby initiating lipid 
peroxidation 12. Liver function tests can be abnormal 
within 24 hours after ingestion and clinically apparent 
jaundice can occur within 48-96 hours 12. It has also 
been documented that prolonged exposure to certain 
aromatic hydrocarbons especially PAHs can lead to an 
increased risk of  aplastic aneamia, multiple myeloma 
and acute myelogenous leukemia 13. Haemolysis 
has been reported following the acute ingestion of  
various type of  aromatic hydrocarbons 14. The toxicity 
of  hydrocarbons is directly related to their physical 
properties, specifically the viscosity, volatility, surface 
tension and chemical activity of  the side chains 15.  
It is quite clear that one of  the major occupational 
hazards of  petroleum tanker drivers is continuous 
unintentional inhalation of  hydrocarbons which is the 
major components of  petroleum product. Most of  
these drivers do not use protective devices to prevent 
inhalation of  petroleum products; nor do they visit 
hospital regularly for routine medical check-up. Worse 
still, most of  the drivers have been on this job for a long 
period of  time.
In view of  the above occupational risks that are 
associated with the petroleum tanker drivers’ job, this 
study aimed to investigate the haematological, renal 
and hepatic functions of  these workers in Lagos. This 




A comprehensive letter stating the goals of  this study 
was written to the Association of  petroleum tanker 
drivers in Lagos to obtain their permission to undertake 
this study. The consent of  individual petroleum tanker 
driver was sought and there after a well structured 
questionnaire containing the socio-demographical data, 
safety knowledge and health status were distributed to 
the consented subjects. Out of  the Four hundred and 
fifty questionnaires self  distributed, three hundred and 
four of  the questionnaires were however completely 
and adequately filled. Twenty-five of  the above subjects 
were randomly selected based on the selection criteria 
of  working for minimum of  5 years as petroleum tanker 
driver. Also, fifteen matched control subjects who were 
not known to be smokers nor continuously exposed to 
any source of  hydrocarbon were carefully selected. The 
study was approved by the Department of  Pharmacology, 
College of  Medicine, University of  Lagos Postgraduate 
Ethics committee and was performed in accordance 
with the standards laid down in the 1964 Declaration 
of  Helsinki and its later amendments. (REF)
Blood sample collection
The blood samples of  the participants were carefully 
collected by an experienced nurse into lithium 
heparin and EDTA bottles to obtain the serum and 
plasma respectively. The serum samples were used 
for chemistry analysis (liver function, renal function, 
lipid peroxidaation and antioxidant level tests) and the 
plasma samples were used for the assessment of  the 
haematological parameters. 
Liver function and renal function test
Liver function parameters - serum alanine amino 
transferase (ALT), aspartate amino transferase (AST), 
albumin (ALB), alkaline Phosphatase (ALP); and renal 
function parameters (creatinine and urea) were analyzed 
using the fully automated clinical chemistry analyzer 
(Hitachi 912, Boehringer Mannheim, Germany).
Haematological parameters 
The haematological parameters (white blood cell, 
red blood cell, haematocrit, platelet, neutrophil and 
lymphocyte) were analysed using fully automated 
clinical haematological analyzer (Boehringer Manuheim, 
Germany).
Briefly, the analysis of  liver enzymes, creatinine, urea, 
and haematological automated operation procedures 
involve switching on the machine and thereafter 
proceed to initial process of  checking the reagent and 
sample probes using the ABS in the flex for the reagent. 
The sample (serum or plasma) is then inputted and the 
machine automatically run the samples and generates 
appropriate results. 
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Measurement of  antioxidant enzymes and MDA levels
Oxidative stress parameters (Malondialdehyde - MDA), 
superoxide dismutase (SOD) and reduced glutathione 
(GSH) were determined using the methods of  Beers 
and Seizer 16 and Beuge and Aust 17. The methodology 
used is described briefly below.
Determination of  superoxide dismutase activity (EC 1.15.1.1) 
Serum superoxide dismutase activity was determined by 
its ability to inhibit the auto-oxidation of  epinephrine 
determined by the increase in absorbance at 480nm. 
The reaction mixture (3 ml) contained 2.95 ml 0.05 M 
sodium carbonate buffer pH 10.2, 0.02 ml of  serum 
and 0.03 ml of  epinephrine in 0.005 N hydrochloric 
acid. The reference cuvette contained 2.95 ml buffer, 
0.03 ml of  substrate (epinephrine) and 0.02 ml of  water. 
Enzyme activity was calculated by measuring the change 
in absorbance at 480 nm for 5 min. ∑= 4020M-1 cm-1.
Reduced glutathione determination (EC 2.5.1.18) 
The reduced glutathione content of  serum as non-
protein sulphydryls was estimated by adding 10% 
tricarboxilic acid to the sample and 1.0 ml of  the 
mixture was treated with 0.5ml of  Ellmans reagent 
(19.8mg of  5,5-dithiobisnitro benzoic acid in 100ml of  
0.1% sodium nitrate) and 3.0ml of  phosphate buffer 
(0.2M, pH 8.0). The absorbance was read at 412nm. ∑ 
= 1.34 x 104 M-1 cm-1 
Determination of  lipid peroxidation (EC 202-974-4) [26-27]
Malondialdehyde an index of  lipid peroxidation was 
determined by adding1.0 ml of  the sample to 2 ml 
of  (1:1:1 ratio) thiobarbituric acid 0.37%, 0.24N 
hydrochloric acid and 15% tricarboxylic acid reagents. 
Tricarboxylic acid- thiobarbituric acid-hydrochloric acid 
reagents boiled at 100oC for 15 min, and allowed to cool. 
Flocculent materials were removed by centrifuging at 
3000 rpm for 10 min. The absorbance read at 532 nm 
against a blank. Malondialdehyde was calculated using 
the molar extinction coefficient for Malondialdehyde-
thiobarbituric acid complex of  1.56 × 105 M-1CM-1.  
The protein content was measured by buiret method 
with bovine serum albumin (BSA) as standard.  
Statistical analysis 
Results are presented as mean ± S.E.M. Statistical signif-
icance between the control groups and the test groups 
was analyzed by the  student’s t-test at p < 0.05.
Results
Table 1 results showed the highest age distribution of  
the studied subjects to be between 41-45 years. Eight 
(32 %) of  the subjects have been working as petroleum 
tanker drivers for between 11-15 years. Most (56 %) of  
the subjects had no training (education) and 68 % had 
no safety knowledge.
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ABOVE 20 7 28
Total 25 100
Education
Formal Training 4 16
Informal Training 7 28





Don’t care 5 20
Total 25 100
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Table 2: Health Status Parameters of  Petroleum Tanker Drivers
















Normal(Below 140/90mmHg) 8 32
High(Above 140/90mmHg) 17 68
Total 25 100
Table 3 shows the relationship between length of  exposure and the frequency of  some health status parameters 
of  petroleum tanker Drivers.
Table 3: Relationship between length of  exposure and the health status parameters of  Petroleum Tanker 
Drivers
Frequency of    Chest Pain, Skin rashes & Infections Eye Itching & Infection Blood Pressure
Exposure (yrs) R    O    RA   R           O          RA           R             O           RA       N         H
5-10                 2     2       2     4            1            1             1              4             1         2          4
10-15               2     3       3     5            2            1             2              5             1         3          5
16-20               2     2       0     2            2            0             3              3             0         1          3
Above 20        2     4       1     5            1            1              1              5             1         2         5
                       R (Regular); O (Occasional); RA (Rare); N (Normal); H ( High) 
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Skin infection and rashes were common health 
problems of  the petroleum tanker drivers (64 
%). A few of  the subjects had regular chest 
pain and eye itching (32 %; 24 %) respectively. 
The larger proportion of  the subjects (68 %) 
had high blood pressure above 140/90 mm Hg 
(Table 2).
The frequency of  distribution of  chest pain, 
skin rashes and  infections and eye itching and 
infection with length of  exposure (years) were 
inconsistent.  
Table 4 showed statistically significant decrease 
(p≤0.05) between the MDA (42.66 ±0.05; 
39.60±2.61) and SOD (5.51±0.47; 4.77±0.12) 
levels of  the petroleum tanker drivers and 
control subjects. 
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 Table 4: Lipid peroxidation and antioxidant parameters in Petroleum Tanker Drivers and Control 
subjects
Groups                                 MDA                                    SOD                                        GSH 
Control                           39.61±2.61                             4.77±0.12                            1.53±0.13
Exposed                          42.66±0.05*                          5.51±0.47*                          1.58±0.26
*P ≤ 0.05 between exposed and control subjects
MDA, malondialdehyde (U/g proteins); GSH, reduced glutathione (U/g proteins);  SOD, Superoxide dismutase 
(U/g proteins)
The results in  table 6 showed significant (p≤0.05) 
increase in the levels of  creatinine (116.72±15.65; 105.74 
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± 8.54) and urea (5.04± 1.21; 4.40 ±0.91) between the 
exposed subjects (petroleum tanker drivers) and the 
controls.
There was a  significant (p ≤ 0.05) increase in the levels 
of  ALT (31.14±13.72; 22.38±9.89), ALB (42.50±4.69; 
45.36±1.74) and ALP (84.04±21.89; 62.04±23.33) 
between the petroleum tanker drivers and the control 
subjects (Table 5).
Table 5: Hepatic function enzymes markers in petroleum tanker drivers and control subjects 
Groups                  AST (U/L)                     ALT (U/L)                   ALB (U/L)               ALP (U/L)                
Control                 39.45±6.60                   22.38±9.89                   45.36±1.74                62.04±23.33
Exposed               38.76±17.81                 31.14±13.72*               42.50±4.69*             84.04±21.89*
P ≤ 0.05 between exposed and control subjects
*Serum alanine amino transferase (ALT), Aspartate amino transferase (AST), Albumin (ALB), Alkaline Phosphatase (ALP)
Table 6: Creatinine and urea level in Petroleum Tanker Drivers and Control subjects 
Groups                              Creatinine (umol/L)                                      Urea            
Control                                 105.74±8.54                                           4.40±0.91
Exposed                               116.72±15.65*                                       5.04±1.21*
*P ≤ 0.05 between exposed and control subjects 
The haematological parameters (table 7) 
showed significant (p≤0.05) increase in the 
level of  WBC of  the petroleum tanker drivers 
(6484.00±1716.30) as compared with the 
control (5313.33±1550.97). There was also a 
corresponding non significant increase in the 
level of  neutrophil of  the exposed subjects 
(49.97± 11.13) compared with the control 
(41.97±8.33). The results further showed a 
significant decrease (p≤0.05) in the lymphocytes 
of  the exposed (39.60±9.92) compared with the 
control (45.75±6.73). 
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Table 7: Haematological parameters in petroleum tanker drivers and control subjects
Groups      WBC                      RBC                         HCT                  PLT              NEUT               LYMP               
Control   5313.33±1550.97   4.6×106±4.2×106         40.14±2.89   2.1×105±63438.91    41.97±8.33    45.75±6.73
Exposed 6484.00±1716.30* 4.9×106±1.2×106       41.61±2.92   1.9×105±51422.00    49.97±11.13   39.60±9.92*       
*P ≤ 0.05 between exposed and control subjects  
WBC=White blood cell (thousands/l); RBC=Red blood cell (millions/l); HCT= Haematocrit (%); PLT=Platelet (/UL); 
NEUT=Neutrophil; LYMP=Lymphocyte
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Discussion
The use of  petroleum products by humans is inevitable. 
They are used for various reasons at home, in manufac-
turing and petrochemical industries 18. Previous studies 
in Nigeria on the potential health hazards of  petroleum 
products in humans had concentrated on petrol station 
attendants 18-19. Their findings show that inhalation of  
petroleum products could cause hepatic and renal im-
pairment and reduction in the haematological indices. 
Prior to these  studies, animal studies had  shown pe-
troleum products are toxic to the bone marrow, lymph 
nodes, spleen and haematological parameters 20. Hith-
erto, there has been no study to the potential health risk 
of  petroleum products on petroleum tanker drivers. 
The drivers are   usually on the road for days transport-
ing petroleum products from one state to the other and 
thus are continuously exposed to this hazardous agent.
The results obtained from this study showed that most 
(40 %) of  the petroleum tanker drivers were between 
the age of  41 and 45 years and a large proportion (32 
%) of  these workers have spent between 11-15 years 
on this job. The survey revealed that the drivers (56 %) 
neither had training (education) nor safety knowledge 
(68 %).  There was a high prevalence of  skin rash (64 
%) and hypertension (68 %) among the petroleum 
tanker drivers. The elevated blood pressure among 
most of  the drivers may be due to work overload 
and stress. The findings from this study affirmed this 
statement as there were length of  exposure (years) 
dependent significant increase (p≤0.05) in the blood 
pressure of  petroleum tanker drivers. The high level 
of  blood pressure could thus be an accumulation of  
work overload, stress and increase length of  exposure 
to hydrocarbons as earlier mentioned. This assertion 
may be correct and appropriate because increases 
in blood pressure often occur among individuals or 
workers that are always over worked with long duration 
of  time on the job. However, the no correlation in the 
frequency of  distribution of  chest pain, skin rashes and 
infections and eye itching and infection with length of  
exposure to hydrocarbons may be expected. All these 
health parameters are often affected with even short 
term of  exposure to hydrocarbons as they are more of  
inflammatory responses.
The significant (p ≤ 0.05) increase in the creatinine and 
urea levels of  the petroleum tanker driver compared 
with the control in this our  study is in agreement with 
the findings by  Nwanjo and Ojiako 19 who  petrol 
attendants to have altered renal function values. There 
was also significant (p ≤ 0.05) increase in the level of  
serum alanine amino transferase (ALT) and aspartate 
amino transferase (AST) of  the petroleum tanker drivers 
compared with the control subjects. This observation 
may be due to the fact that hydrocarbons which are a 
major component of  petroleum products are potent 
inducers of  cytochrome P450 that could lead to biological 
consequences. The report of  Nwanjo and Ojiako 19 
also showed increased levels of  hepatic enzymes in the 
studied subjects. The haematological findings showed a 
significant increase (p ≤ 0.05) in the white blood cells 
and decrease (p ≤ 0.05) in lymphocytes of  the tanker 
driver compared with the controls. These observations 
may reveal ongoing infection which could have led to 
skin rashes and infection experienced by the tanker 
drivers as a result of  altered immunity. The work of  
Iwuanyanwu et al 21 also showed altered haematological 
parameters in rats fed with food contaminated with 
petroleum products. The tanker drivers investigated 
in this study showed a significant increase (p ≤ 0.05) 
in their lipid peroxidation level compared with the 
control subjects. It may be the petrochemical activated 
metabolites that react with some cellular components 
such as membrane lipids to produce lipid peroxidation 
products 22 which may lead to membrane change and 
tissue damage. The increase in lipid peroxidation may 
also be responsible for the renal and hepatic damage 
observed in the petroleum tanker drivers as seen in this 
study.
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Conclusion
 There are enormous health implications of  continuous 
exposure to petroleum products as seen in the hepatic, 
renal and lipid peroxidation biomarkers elevation of  
petroleum tanker drivers in this study.  There is need 
for this group of  workers to be sensitized  on the need 
for regular medical checkup,  management and the use 
of  appropriate protective gear..
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